
State-of-the-Art 
Highly Insulating Window Frames –

Research and Market Review

Project report 6 – 2007

SINTEF Building and Infrastructure



Project report no 6
Arild Gustavsen1) 2), Bjørn Petter Jelle1) 3), Dariush Arasteh4) and  
Christian Kohler4)

State-of-the-Art  
Highly Insulating Window Frames – Research and Market Review

Keywords: 
Windows, window frame, energy use, thermal transmittance, U-value,  
Passivhaus

Figures on coverpage are based on work reported in Gustavsen et al. 
(2007)

ISSN 1504-6958
ISBN 978-82-536-0970-6
25 copies printed by AIT AS e-dit
Content: 100 g scandia
Cover: 240 g trucard

© Copyright SINTEF Building and Infrastructure 2007

The material in this publication is covered by the provisions of the Norwe-
gian Copyright Act. Without any special agreement with SINTEF Building 
and Infrastructure, any copying and making available of the material is only 
allowed to the extent that this is permitted by law or allowed through an 
agreement with Kopinor, the Reproduction Rights Organisation for Norway. 
Any use contrary to legislation or an agreement may lead to a liability for 
damages and confiscation, and may be punished by fines or imprisonment. 

Address: Forskningsveien 3 B
  POBox 124 Blindern
  N-0314 OSLO
Tel:  +47 22 96 55 55
Fax:  +47 22 69 94 38 og 22 96 55 08

www.sintef.no/byggforsk

1)  SINTEF Building and Infrastructure, Forskningsveien 3 b, P.O.Box 124 
Blindern, NO-0314 Oslo/Høgskoleringen 7B, NO-7465 Trondheim.

2)  Department of Architectural Design, History and Technology, Norwegian 
University of Science and Technology (NTNU), Alfred Getz vei 3,  
NO-7491 Trondheim.

3)  Department of Civil and Transport Engineering, Norwegian University  
of Science and Technology (NTNU), Høgskoleringen 7A, NO-7491 Trond-
heim.

4)  Windows and Daylighting Group, Lawrence Berkeley National Laboratory, 
1 Cyclotron Road Mail Stop 90R3111, Berkeley, CA 94720-8134.

Acknowledgement
This work is supported by the Assistant Secretary of Energy Efficiency and 
Renewable Energy, Office of Building Technology, U.S. Department of Energy 
under Contract No. DE-AC02-05CH11231 and by the Research Council of 
Norway within the research project MOT – «Modern Wood Window Frames 
with Surface Treatment» (In Norwegian: Moderne trevindu med overflate-
behandling).



Summary 

This document reports the findings of a market and research review related to state-of-the-art highly 

insulating window frames. The market review focuses on window frames that satisfy the Passivhaus 

requirements (window U-value less or equal to 0.8 W/m2K ), while other examples are also given in 

order to show the variety of materials and solutions that may be used for constructing window frames 

with a low thermal transmittance (U-value). The market search shows that several combinations of 

materials are used in order to obtain window frames with a low U-value. The most common insulating 

material seems to be Polyurethane (PUR), which is used together with most of the common structural 

materials such as wood, aluminum, and PVC. 

 

The frame research review also shows examples of window frames developed in order to increase the 

energy efficiency of the frames and the glazings which the frames are to be used together with. The 

authors find that two main tracks are used in searching for better solutions. The first one is to 

minimize the heat losses through the frame itself. The result is that conductive materials are replaced 

by highly thermal insulating materials and air cavities. The other option is to reduce the window 

frame area to a minimum, which is done by focusing on the net energy gain by the entire window 

(frame, spacer and glazing). Literature shows that a window with a higher U-value may give a net 

energy gain to a building that is higher than a window with a smaller U-value. The net energy gain is 

calculated by subtracting the transmission losses through the window from the solar energy passing 

through the windows. The net energy gain depends on frame versus glazing area, solar factor, solar 

irradiance, calculation period and U-value.  

 

The frame research review also discusses heat transfer modeling issues related to window frames. 

Thermal performance increasing measures, surface modeling, and frame cavity modeling are among 

the topics discussed. The review shows that the current knowledge gives the basis for improving the 

calculation procedures in the calculation standards. At the same time it is room for improvement 

within some areas, e.g. to fully understand the natural convection effects inside irregular vertical 

frame cavities (jambs) and ventilated frame cavities.  
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